This paper describes a composite study comparing some features of the tropospheric circulation over the region of West Africa in the monsoon season for "dry" (1981 ( -85) and "Wet" (1998 ( -2002 selected years. Zonal and meridional components of the monthly mean wind are computed directly with NCEP reanalysis data for the main rainy season of May, June, July and August. The potential temperature and moisture variables are also examined for the periods. The results of our analysis show major contrasts between the characteristics of tropical troposphere in West Africa during the two scenarios. In the (dry) years 1981-85, the upper and lower troposphere are characterized by weaker flows in coexistent with stronger Africa easterly jet (AEJ) and a southward shift of the major circulation patterns as well as numerous dynamical parameters. The observed weak tropical easterly jet (TEJ) and vertical alignment of the AEJ and TEJ axes enhance the rainfall deficit in dry years. In contrast, during the (wet) years 1998-2002, the troposphere is dominated by stronger flows at lower and upper levels in concomitant with a weaker AEJ and intense northward shift of the zonal and meridional cells circulations. The observed strong vertical coupling between the zonal component anomalies at lower levels (monsoonal flow) and upper levels (TEJ), reflect the opposition in direction of mean winds at these levels. Over the region, the latitudinal location and intensity of the AEJ seems to be imperative, and tend to regulate the instability mechanisms. The instability is observed to be greater in August than in May in all the years. The contrasting convergence of monsoonal flow and the upper divergence associated with TEJ is linked with the activeness of the walker-type cell during the periods. At 925hPa lower level, the InterTropical Discontinuity (ITD) surface positions in the region generally appear to be almost in same locations for both dry and wet years. As consequence, the length of the rainy season becomes unvarying. Instead, the wet period 1998-2002 are well dominated by more extreme rainfall. Finally, it is evident that the convective process over the tropical region of West Africa is dynamically influenced by strong upper-level divergence at TEJ level associated with ascent in the lower troposphere, where the disturbances build-up. Contrasts in the monsoon layer between wet and dry years may be related to these fluctuations. The results from this study serve as bases for further work on the tropospheric circulation features over the region of West Africa for an enhance understanding of the regional climate.
Introduction
The climate of West Africa has experienced persistent drought with little disruption since the relatively dry spell that prevailed over the region in the late 1960s. Some specific changes in tropospheric features that are typical of the tropical atmosphere have been observed during these periods, such as, for instance, its major contrasts in the characteristics of the wind field during dry and rainy seasons. In upper layers, two wind axes are evident: the African easterly jet (AEJ) at 600hPa and the Tropical easterly jet (TEJ) located at 200hPa (Nicholson and Grist 2003; Nicholson et al 2007) . The TEJ is related to the meriodional thermal gradient between the Tibetan highlands and the Indian Ocean during the southwest Asiatic monsoon circulation (Koteswaram 1958) . Fluctuations in the amount of rainfall during the summer period over West Africa haves been linked to the significant variations in the wind field over the region associated with an intense AEJ and weak TEJ (Nicholson 1981) . The two sequences of the extremely dry years are part of a longer drought that lasted continuously from the end of the 1960"s to the mid-1990 lous circulation over the entire region. The rainfall over the Sahel and Guinea Coast was below normal during the rainy season (Janowiak 1988 ). Nicholson"s (2005) study, took account of rainfall analysis for both wet and dry years. The results show an average rainfall of 600mm per year for the 1950s in the region of latitude 14°N to 16°N over West Africa, while in the 1980s, the average rainfall over the same area was found to be 400mm per year. Grist (2002) established that the easterly wave contrasts in wet and dry years are a major factor in the rainfall variability observed over the region. This situation had earlier been discussed by Burpee (1972 ), Rennick (1981 , and Newell and Kidson (1979 Kidson ( , 1984 , who identified the instabilities supporting wave occurrence and growth as related to the horizontal and vertical shear of the African Easterly Jet (AEJ), with its core located at 650-700hPa over West Africa. In-depth studies have exhibited various characteristics of wet and dry years over West Africa, in an attempt to identify the factors responsible for the variability. Most dynamical hypotheses have focused on circulation changes over the African continent (e.g., Kanamitsu and Krishnamurti 1978; Newell and Kidson 1984; Fontaine and Janicot 1992; Fontaine et al. 1995; Grist and Nicholson 2001) . Ward (1998) presents evidence that the factors governing interannual variability may differ during the wet and dry periods. All these studies highlight the facts that the circulation patterns during the prolonged drought in 1980s are indeed anomalous on regional scale. Therefore, it is considered that an in-
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Journal of Meteorology and Related Sciences Volume 7 vestigation of the mean wind field during the dry and wet (1998) (1999) (2000) (2001) (2002) years would indeed be useful to explain the regional tropospheric circulation associated with rainfall variability. The objective of this work is to describe some features of the atmospheric circulation and compare it between the dry and wet selected years, by means of data obtained from model analyses over the tropical West Africa.
The choice of 1998-2002 as wet years is focused on the reality of the years, considering the facts that slight rainfall fluctuations occurred during these years (1998) (1999) (2000) (2001) (2002) . Figure 1 shows the rainfall fluctuations in West Africa, expressed as regionally averaged standardized departures (Janowiak 1988 ). In 1981 -1985 was below normal and slightly greater in 1998-2002. Therefore, the choice of wet years (1998) (1999) (2000) (2001) (2002) seems relevant for purposes of contrasting with the dry years (1981) (1982) (1983) (1984) (1985) . Section 2 presents the datasets that are used in this study. While section 3 and 4 present results and discussions related to the main differences in the regional atmospheric circulation during dry and wet years. The final section of the paper provides a summary and conclusions.
Data and Methods

Data
The NCEP reanalysis dataset (Kalnay et al. 1996; Kistler et al. 2001 ) and Janowiak"s precipitation record (Janowiak 1988) are the main data used for this work. The NCEP dataset consist of daily and monthly values of inter-decadal variability linked with the incessant wet and dry conditions in the Sahel and Guinea regions of West Africa. Firstly, we determine the zonal and meridional wind fields at 1000-200hPa levels, averaged over the sector 15°W to 10°E, using the NCEP reanalysis data. The relevant features include the intensity and location of the ITD and easterly jets. Lastly, computations of divergence, relative vorticity, potential temperature and humidity fields in the NCEP reanalysis data, using FORTRAN, conclude the representation of the basic state for wet and dry years. The analyses cover only the months of May to August. The main rainy season in West Africa and the period that largely influences the inter-annual variability (Dennett et al. 1985) .
Results and discussion
In this section the large scale circulations for 5 years dry period 1981-1985 and the 5 years wet period [1998] [1999] [2000] [2001] [2002] are briefly discuss in relation to most important changes in the tropospheric features associated with rainfall during the periods. The monthly mean zonal and meridional components of wind, potential temperature and relative humidity, in the region of West Africa are analyzed for the two scenarios.
Dynamics of large scale circulations 3.1.2 Mean zonal wind field
Mean zonal winds for dry and wet (1998) (1999) (2000) (2001) (2002) years during the summer months of May, June, July and August are shown in Figure 2 . It contains some interesting tropospheric features that impact the dynamics of West Africa. The TEJ (200hPa), the AEJ (600hPa) and the equatorial westerlies at 850hPa are distinct over the region. Generally the circulation depicts an opposition between the low-level westerlies (SW monsoon flow) and the upper layers easterly components during the northern summer. These observations agree with the existence of a zonal span cell (walker-type cell) whose upper branch corresponds with TEJ and the lower branch corresponds with the monsoonal flow associated with the latitudinal shift of the systems. The most apparent contrasts between the dry and wet years are the intensity of the equatorial westerlies at 850mb, the strength of the AEJ, and the development of the TEJ over West Africa. In 1998 -2002 years the westerlies are well developed at several atmospheric parameters. Majority of the variables, are available as 6-hourly data for the period from 1948 until present. Many studies have made some evaluation of the reliability of NCEP reanalysis over West Africa. For example, Nicholson and Grist (2003) contrasted the NCEP mean annual cycle of zonal wind at 600hpa level with radiosonde data. Their findings were in good agreement with the seasonal strengthening and movement of the AEJ. The complexity in the divergent circulation over the tropics with NCEP computations have also been highlighted (Kinter et al. 2004) . In this investigation, we use mainly the variables, which are most reliable. These consist, for instance, wind and pressure fields. The derived variables are less reliable, but we have reduced the likely error by computing the variables (divergence and relative vorticity) completely from NCEP winds.
Rainfall anomaly fields consist of the Janowiak"s precipitation record (Janowiak 1988) . A time-series rainfall values in the record is shown in Figure 1 ; it extends 
Overview of the Strategy
This study utilizes primarily NCEP reanalysis dataset to examine the tropospheric circulation features, simply because of the sparse coverage and inconsistencies of upper-air data available for analysis in West Africa. The NCEP dataset make available good temporal and spatial uniformity over the region. The main approach to this work is to compare and contrast the years 1981-85 and 1998-2002 . The choice was focused on the extent of rainfall anomalies and the reality of the year. The 1981-85 cover five of the driest years at nearly every region over West Africa (see Figure 1) . In most area the anomaly was approximately half a standard deviation. In 1998-2002 wet years, rainfall was above the mean at almost all locations of Guinean zone (5-8°N) with two subsequent years of fairly dry conditions. In view of the following type of these sets of years, the two periods will mainly show the
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850hPa and spread broadly beyond 750hPa in August, but in 1981-85 (dry) years the westerlies are below 850hPa. In the wet years, the equatorial westerlies are clearly formed between 5°N and 15°N. In the dry years, they span the same latitudinal extent in the lowest layers but are extremely weak. The notable core speeds reach 4 m s −1 in wet years, with the maximum speeds at 800hPa, but mostly 2 m s −1 in dry years, with the maximum near 850hPa (see Fig 2) . The AEJ was further south and con- is compared with a composite of (e) May (f) June (g) July (h) August, wet years (1998) (1999) (2000) (2001) (2002) . The TEJ and AEJ are located at 200hPa and 600hPa levels. Figure 3 show the cross-sections of the mean meridional wind components for the dry and wet year"s composites. In the lower troposphere, the meridional component is southerly where westerlies occur. The shift to northeasterly flow further north reveal the surface position of the ITD. At 850hPa level, in almost every month, the south westerlies are more intense in the 1998-2002 (wet) years than in the 1981-85 (dry) years. The dry years are depicted by a shallow cell of meridional deletion in the Gulf of Guinean that constraint the transport of moisture far into the continent and consequently diminish the coastal circulation cell that flow into the ITD zone. The low-level meridional winds at 925hPa also indicate a fairly stronger surface convergence in the ITD in 1998-2002 (Fig. 4) . In August of the wet years composite, the southerly component reached 4-5 m s −1 , but a decrease in the dry composite (Fig. 3) .
Mean meridional wind
This emerges to be the major difference in the meridional wind linking the wet and dry composites. Figure 5a -c. At the 925hPa level, the obvious contrasts in the divergence for 1981-85 (dry) and 1998-2002 (wet) years is the stronger convergence in the wet years in the ITD zone over West Africa. Though in both years, the ITD surface positions are located nearly on the same latitude. At the midtroposphere (700hpa), weak contrast is also evident. In 1981-1985, the region between latitude 10-20°N is mostly dominated by divergence, while a weaker flows in 1998-2002. At the upper troposphere (200hPa), the magnitude of divergence is stronger in the wet years than dry years (Fig. 5a) . The vorticity for both years (dry and wet) is shown in Figure 6a -c. At 925hpa and 850hpa levels, the pattern of the flows seems to be in a similar way, but higher in magnitude in 1998-2002 than 1981-85 (6b-c) . At the midtroposphere, stronger vorticity dominate between latitude 5-12°N in the wet years than dry year (6a). There is a significantly higher value of the relative humidity near the equator that extends into the midtroposphere. These features are evident in all months, with broader region of humidity field in August 1998 August -2002 than in 1981-85 (see Fig. 8 ). The relative humidity is lower in dry years, with the maximum depth reaching only 900hPa as compared with 750hPa level in the wet years over the Guinean region. Fig. 9a-b indicates the 700hPa level specific humidity fields, approximately the lower limit of the AEJ. In 1998-2002 (wet) years, more moisture in August over the region of latitude 5-10°N than 1981-85 (dry) years (Fig. 9a, b) . The anomalies are related to enhance northward shift of the ITD in the wet years and a weakened ITD in the dry years. (1981) (1982) (1983) (1984) (1985) is compared with wet years (1998) (1999) (2000) (2001) (2002) . The location of zero meridional wind is use to identify its surface position of the ITD.
The fields of vorticity and divergence during the two summers The field of divergence is shown in
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Comparisons between 1981-85 (dry) and 1998-2002 (wet) years
The contrast between dry and wet years (Janowiak 1998) in the Guinean and Sahel regions help us in the choice of the years for comparison of major large scale circulations that are related to the rainfall anomalies. The composites of the monthly mean wind are compared for zonal and meridional components between dry and wet years over the study area. Other remarkable comparisons are the upper easterly flows; divergence, vorticity, potential temperature and moisture flux at lower troposphere. The major differences are; insubstantial zonal and meridional components in the lower layers over West Afri- [1998] [1999] [2000] [2001] [2002] . The result is that the jet axes are aligned during the dry year but in the wet year the AEJ axis is several degrees pole ward of the TEJ axis.
In dry years, the observed divergence at the 200hPa level is slightly weaker than in wet years, and extends to 700hPa over the entire region (Fig. 5a-b ). In the (wet) years 1998-2002, more intense divergence at 200hpa is seen to spread over convergence at 700hPa level over latitude 5-20°N. This influences the coupling of the upper atmosphere with lower troposphere to accomplish the Hadley-type circulation that enhances strong vertical motion, suggesting an intense development of transient disturbances such as vortices or waves in West Africa. With deep moisture flux into the belts of these disturbances, rainfall is enhanced during the period. These results do agree with the conclusions of earlier studies on the role of moisture (Cadet and Nnoli1987; Nicholson 2008) . The zonal mean potential temperatures shown in Figure 7 indicate that the observed meridional gradient at the surface, where strong vertical shear may have developed, is weaker in 1981-85 (dry) than in 1998-2002 (wet). In both years, the latitude of the maximum gradient of the potential temperature is shifted from nearly 8°N to 15°N in August in relation to the seasonal displacement in the zone of maximum vertical shear (not shown).
The low-level monsoon flow is also different in the dry and wet years. Shallow westerlies are observed for the dry year, becoming deeper monsoon flow in 1998-2002 (wet) years. This observation is linked to the vertical and horizontal shear in the wet years (not shown). Also the surface positions of the ITD are more profound in 1998-2002 compared to 1981-1985 years (Fig. 4) . The wet and dry year structures of the three major tropospheric features, the TEJ, the AEJ and the monsoon flow, influence the large scale dynamics in several ways that are related to the wind shears. The depth of the monsoon flow also potentially affects the penetration of moisture to the level of the AEJ. These findings agree with the results of Newell and Kidson (1984) , Fontaine and Janicot (1992) , and Nicholson et al (2007) .
Summary and conclusions
The results of our analysis show major contrasts between the characteristics of tropical troposphere in West Africa during the main rainy season in the dry and wet years. The components of the monthly mean winds, potential temperatures and relative humidity are analyzed for the two scenarios over region, and some distinct features are observed. In the 1981-85 (dry) years, the upper and lower troposphere are characterized by weaker flows in concomitance with an enhance AEJ and a reduce northward oscillations of the zonal and meridional cell circulations. The observed enhance AEJ corresponds mainly to the enhance meridional potential temperature gradient and the basic state of the winds in the lower troposphere. In 1998-2002 (wet) years, the meridional components of the wind revealed strong Hadleytype circulation in the northern summer, while the zonal components show the existence of a walker-type zonal cell whose structure is clearly distinct. It is characterized by a strong vertical connection between the zonal component anomalies at lower levels (monsoonal flow) and upper levels (TEJ), reflecting the opposition in direction of mean winds at these levels. Instability is observed to be greater in August than in May in both years. The contrasting convergence of monsoonal flow and the upper divergence associated with TEJ is linked with the active walker-type cell during the periods.
The surface position of the ITD associated with low level meridional circulation at 925hPa as observed for both dry and wet years in the region generally show slight differences in the years, but the stronger meridional flow in the wet years indicates that the ITD intensify over the region of West Africa. Also the deepening of the monsoonal layer, south of the ITD and a higher relative humidity are observed in 1998-2002 (wet) years, with corresponding stronger TEJ associated with strong upper level divergence than in 1981-85 (dry) years. The major highlights of this study relate to the good agreement between the characteristics of the tropical troposphere in West Africa during northern summer for both years and those previously documented by Fontaine et al. (1995) ; Nicholson and Grist 2003; Janicot (2000, 2003) , such as the easterly jets and the tropospheric lower layer southerly flow, are actually associated with the monsoon but exist in different magnitudes for both dry and wet years. A further understanding of these features is therefore suggested to be examined with more upper-air data in the broad context of the full seasonal cycle of the region of West Africa.
